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Optical properties of Fe-Rh alloys
Abstract
The dielectric functions (ε̃) of FexRh1−x alloys with x=0.48, 0.5, and 0.54 were measured by spectroscopic
ellipsometry in the energy range 1.5–5.4 eV. The optical properties do not change drastically as the
antiferromagnetic (AF)-ferromagnetic (F) phase transition occurs.
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The dielectric functions (e) of Fe Rhr alloys with x=0.48, 0.5, and 0.54 were measured by
spectroscopic ellipsometry in the energy range 1.5—5.4 eV. The optical properties do not change
drastically as the antiferromagnetic (AF)-ferromagnetic (F) phase transition occurs.
In order to investigate the electronic structures of
Fe-Rh alloys and their changes upon AF-F transition,
the dielectric functions e were measuredi by a rotating-
polarizer-rotating-analyzer ellipsorneter (RPRAE) .2 The
measured spectra showed structures, but did not change
much as z changes.
We report i of Fe Rhi alloys with x=0.48, 0.5, and
0.54 by a rotating-analyzer ellipsometer (RAE)s in the
1.5—5.4 eV energy range. The samples are those of Ref.
1. None of the peaks in the spectra of Ref. 1 appear
in the measurements shown in Fig. 1. The spectra do
not show any noticeable structures. The peaks observed
in the previous measurements were due to instrumental
errors.
In Eq. (20) of Ref. 2 the authors assumed that the light
source is unpolarized, after passing through an achro-
matic quartz rhomb-type-E quarter wave retarder. How-
ever some residual, elliptic polarization may remain, es-
pecially at the extremes of the spectral region. The
partial polarization and the optical activity of quartz
produce spurious peaks in the e spectra determined by
RPRAE. The measured intensity of the light f'rom the po-
larizer placed after the retarder is constant with a small
variation superimposed. Since the shape of the incident
beam is usually rectangular, the variation is a very com-
plicated function of the azimuth angle of the polarizer.
This variation due to the partial polarization and the
rotation of the polarizer may contribute to the three ac
components in an unknown way for RPRAE with quartz
polarizers.
The wavelength intervals between adjacent peaks were
almost constant at about 650 A. . The specific rotatary
power (h, ) of quartz is proportional to the difference be-
tween the re&active indices of right and left circular po-
larizations (—:n„—nr) and inversely proportional to the
wavelength. n„—nI is weakly dependent on the wave-
length and very small. 4 Therefore, h', is almost inversely
proportional to the wavelength. Consequently, the am-
plitude of the intensity variation is almost periodic in
wavelength leading to peaks periodic in wavelength.
The positions of the spurious peaks are fixed at ener-
gies independent of the sample. Two peaks, for example,
at 1.8 and 2.2 eV in the e2 spectrum of Au (Fig. 8 of
Ref. 2) appear prominently in that of FeRh measured
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FIG. 1. Real and imaginary parts of dielectric functions of
Fe-Rh alloys.
by RPRAE. However they disappear if it is measured by
RAE (see Fig. 3-2 of Ref. 3) and by replacing the quartz
Rochon prism by one of calcite in RPRAE.
The other difference is the magnitude of the e2 spectra.
Those of our spectra are almost twice those of the previ-
ous measurement around 1.5 eV and becomes almost the
same as the previous spectra around 3 eV. If the error
caused by the partial polarization of the light source and
the rotation of the polarizer affects the first harmonic,
po, the absolute value of the complex reflectance ratio
p = r„jr„and, therefore, the magnitudes of the e2 spec-
tra change. This effect is especially significant when po
is close to unity. Since the first harmonic of the out-
put signal of the RPRAE is proportional to (1—po) if the
system is perfect, any distortion of the first harmonic
changes the measured magnitude of po. The small vari-
ation of the intensity of the transmitted light from the
polarizer contains the fundamental and many harmonics,
which are supposed to be even smaller than the funda-
mental. The fundamental of the small variation increases
the amplitudes of the fundamental and first harmonic of
the output signal. At 1.5 eV po ——0.6793 for FeRh mea-
sured by RPRAE, while po —0.7121 by RAE. The rela-
tive difference is 4.61% and this would be caused by a
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variation of the order of 1% the fundamental. The con-
tribution due to the error increases the magnitude of the
first harmonic which decreases the magnitude of the e2
spectra. At higher photon energies po is smaller and the
effect of 1% of the fundamental increase due to partial
polarization has a much smaller effect on E2 than at 1.5
eV.
As shown in Fig. 1, the real parts of the complex di-
electric functions do not change appreciably by varying
the Fe concentrations. There is a small change in the
imaginary parts when the Fe concentration varies &om
x = 0.48 to 0.50. On the contrary, there is almost no
change in the imaginary part when the Fe concentration
varies &om x = 0.50 to 0.54, even though the concentra-
tion changes 4%. Hence the conclusions made in Ref. 2
are essentially unchanged except for the spurious peaks.
In summary, we measured the dielectric functions of
Fe-Rh alloys using RAE and found no peaks observed in
1.5—5.4 eV. The peaks observed previously are due to the
residual partial polarization of the light source and the
optical activity of quartz. The e do not reveal any appre-
ciable change at the AF-F phase transition. Therefore
the large change in the specific heat at the phase transi-
tion is due to magnetic, not electronic contributions. i
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